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Propagation Characteristics of Lightning Surge on Nonuniform Line
Shozo SEKIOKA*
This paper describes lightning surge propagation characteristics on a nonuniform line, of which dimension and con-
figuration are dependent on location. We can find some nonuniform lines in electric power systems such as incoming
line from first transmission-line tower to substation entrance, telecommunication line and transmission line associated
with induced voltage, tapered line and tower. It is important to make the propagation characteristics on the nonuniform
line clear for rational insulation design of transmission and distribution lines. The line constants of the nonuniform line
are expressed as a function of the location. As a result, the surge impedance varies along the line. The wave propagation
characteristics of the nonunform line are different from those of the uniform one. Wave deformation of the lightning
surge on the nonuniform line is caused by multiple reflections on the nonuniform line due to discontinuity of the surge
impedance of the line. It is impossible to derive analytical formula to represent the surge characteristics of the nonuni-
form line in time domain with no assumption nor approximation. A formula to estimate the propagation characteristics
is desired to explain experimental and calculated results of voltages and currents in an electric power system including
the nonuniform line. This paper proposes a method to obtain an approximate formula to represent the lightning surges
along the nonuniform line using a lattice diagram method. The formula of the lightning surge as a function of time is de-
rived from a series expression as a limit of elementary length. The proposed formula is very simple and useful to study
the propagation characteristics. The paper also concerns a long grounding conductor, which is frequently used to obtain
low grounding resistance. The grounding conductor is a uniform line, but no formula to estimate voltages on the
grounding conductor is proposed because of existence of shunt conductance. The method proposed in this paper to deal
with the nonuniform line is applicable to the long grounding conductor. The paper shows an approximate formula of the
voltage on the long grounding conductor. The accuracy of the proposed formula is estimated by comparing calculated
results by an exact solution using a numerical Laplace transform. This paper describes that sending-end voltage on the
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Fig. 1. Configuration of transmission line at a tower
and at a substation entrance.
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Fig. 3. A semi-infinite length of nonuniform line.
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Fig. 4. Comparison of exact solution of sending-end
voltage on exponential attenuation line with calcu-
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Fig. 6. An illustration of traveling wave propagation
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Fig. 7. Calculated results of 1A-phase voltage by the
EMTP.
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Fig. 8. Calculated results by the EMTP in case (I).
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Table 1. Variation of voltages at sending end consid-
ering twisted line configuration.
? 1A 1G 1B 1C
??? 0.48% 39.2% 47.1% 50.9%
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Table 2. Effect of line configrations on crest voltages
at sending end.
? 1A 1G 1B 1C
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Fig. 9. Calculated results by the EMTP in case (II).
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Fig. 10. Surge impedances on twisted lines.
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Table 3. Comparison between variations calculated
by the EMTP and by approximate equations.
1A 1G 1B 1C
EMTP 0.48% 39.2% 47.1% 50.9%
??? 1.23% 31.2% 30.9% 42.4%
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Fig. 12. An equivalent circuit of long grounding con-
ductor.
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Fig. 14. Comparison of voltage waveforms by the
proposed approximate formula with exact solution.
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